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(54) NITRIDE COMPOUND SEMICONDUCTOR LIGHT EMITTING DEVICE 

(57) Abstract: 

PURPOSE: A nitride compound semiconductor light emitting 
device is provided to simplify a fabricating process and prevent 
thermal damage to an active layer due to a subsequent heat 
treatment process by eliminating the necessity of an additional 
heat treatment process for extracting hydrogen. 
CONSTITUTION: A lower contact layer(12) made of an n-type 
nitride compound semiconductor is formed on an insulation 
substrate(lO), An active iayer(13) made of a nitride compound 
semiconductor is formed on a predetermined region of the 
surface of the lower contact layer. An upper contact layer is 
composed of a p-type nitride compound semiconductor that is 

obtained by making a hydrogen radical combine with a radical capable of combining with ammonia as a nitrogen 
precursor and the hydrogen radical in a thermal analysis so as to eliminate the hydrogen radical while a hydrogen- 
based material is used to generate the radical. The upper contact layer is formed on the active layer. A 
transparent electrode layer(15) comes in ohmic contact with the upper contact layer, formed on the upper contact 
layer. An n-type ohmic contact metal !ayer(16) comes in ohmic contact with the lower contact layer, formed on a 
predetermined region of the exposed surface of the lower contact layer. 
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t^o] ±*}t= 7l# "L *o) 2 } f-E!)7]$ 

■g- t^* l***^ compound semiconductor light emitting device) 0 ! 44 3l 4 

*1 €4*451*114 iflo)] ^44 ^711 #7114* 4^3 *ll7l# 414 441*121 4*<W SAfdfe €4*4£*H 1- 
4i4°H 44 ?H4. 4 4^°1H 44^r €4#4E*I1* Al x Ga y In !_ x _ y N (0 <x < 1, 0 <y < 1, x + y < 1 
)» 444. 

44i4°1H P^ €4*4:E*114£) ^12:^1 o)] ^44 ?>7ll 4 :M- P^ € 4*45^11 4°1| £45)7)1 4 

4. 4^1 3*1) p^ !5r«-SKk*)lf^l 4£*ll ^jlt 7}*|fe 4 W4 4^*113 7>^i^ei7l 
i p^ €4*4£*fl4* ^4 4<>)1 tit *W*r7] 414 *3* Its. *f)4 44. 444 **<M 444 
44 434 1*13 *3°fl 3*11 =l d 13 4*11431 51^ *-$*<>l 1344* 4tI1 3°1 £43 tt*] 344 
43 7} ^4. 

£ 1* 4=1)3 €4i-4:£*l] 44^44 41471 34 44£oi4. 

Tfl^^* 44*1 ^4 €4*45^11 44^44 4^71^(10) 4°)1 334(11), n ^ €4*4E*fl:5L 

ol^^l 44344(12), €44451*1151 34°14 4^4(13), « p^ €4*4512llii. 3434 Aj-Jf ^^q^ 

^Miii^f 3^14. 

4*4 400°C 343 4-¥-3^#(HH i^.^ 4^« 4^4 €33 43* 33 ^1, 

44(14) 4°H 34 JL3343* 41444(15)* 1^44. ^Blal, 44344(14) ^ 4^4(13)* *ll4(mesa) 
3443 4*^ ##(12)* i*34 4°ll 44344(12) 4°11 n^ .2.344444(16)* 44 41 €44 

(15)4*1 ^^H(17)# iLJ:4(18)* *f ^344. 

^3llS(17fe 41444(15) 4°11 3^44 33 iL*334 41€44(15) €4» 4343 44344Q4W1 
33 |S}£4 ^a^]. 71 £ $4. #^##(14)4 41 €44(15) 4°H :n*5=3 nl €4*451*11434, 3 * 
€£- 3434 2:344(superlattice layer)* 4*343 44344(14)43 43 °H 3€34 (tunnel junction)* 1 
^4351 -&4 €«7m(10)AS^ 44°1°1 > SiC, GaN, Sfe A1N f-* 4**4. 

6]4^ ^i4» xfl2:47l 41^ S-^^n *7]^-#S|-«l-^4 i a(M0CVD, Metal Organic C 

hemical Vapor Deposition)^ ^3. ^1*^4. o] GaN# ^^* r 7] fl* li(N)^| °J-S.44(NH 3 

)7> 4*34 GaN^I ^^* H 2 7>, InGaN^l ^* N a 7> H ^ o.s. ^ e) o} 7 }+g_ a>^-^4. 
°j-2.^4(NH 3 ofl* 91^51^ 1000'C oRMHS 1 % NH 3 4^1 ll-Sflsl^ ^i(N) 

Q±3-*\ GaN Aj^l 7H^4. 44^ f^] ^o] 7 l al* ^4°1 *7}3qsH l^^^l #* GaN* 

£7] ^^fl ^5)^4^ NH 3 /Ga «1 Eft nil* ^4. 

0134 4^ NH 3 ^ *4t-S 4^^1 ^il- t^Al^lfetfl, ol tt|]^ ^±7} p% GaN p ^ i^E( dopa 

nt)?l 4^-tll^4 ^44^ 4^4)#(Mg)-<ri(H) €7> «4* 4*^ ^^7l n}&<>\] v}=m]$(Mg)°] 4* ^*(ho 
le)* 4**1 P^ GaN°l 4^)^1 ^8^* 7M^1 *44. 

44^i, P^ GaNfil 400"C «^143 3Z*°11a^ o]^*}^ 4 I1 ti|#(Mg)-^±.(H) €4 14°1 71)4^4 4 

* ^Mr 1^13 4^* 7^4. °}3.*in} Mg* ^*(hole)* ^l^*}^ $3., P^ GaN°l 4^1^ A ^* 7}*l7fl € 
4. 

4^4 44 44 *efl3 ^4*4£fll 44^4^ 1#* p^ GaN* ^7l 41*11 400°C ^143 31*011^1 o|^e|s> 
^ 4^J* €-S-£- 44. ^34, °m ?l«ll 44«fl^3i, 1^5] *^^( 13)c ,] <!3£#-g- ^7fl s|<H ^ 
4^1 ^*<>1 ^14€ *34^4. 

4^°1 ^1*314 4* 7l#3 4i 

4 41^1 ^14314 4* 71*^ 4^fe, p^ ; S4*4£^1# A H *^7> #tfli 4-^-^ * 

i flft 1^ ^* 9i^e|7> «iL&£4 4* ^4*4^11 44^4* ^*4^ n SI4. 

4 c Jal 4^ « 4* 

Aj-7i 7l^^ 4^11- 4^471 414 4 4^0)1 4€: ^4*4^^1 f^^Kf, ^^7l^ n% €4*4 

t-qm o]=<^4^ Aj-4 44^44 a^^l i^°|^4 c, ll ^44 €444^im 014 0 !*!*- 4^* ; 

471 «Aj^ Aj-ofl ^334 €^44^11^1 42.^4 « 1 «4I*H 4i7l4 144 4 Si^ ^34* ^3^4^ 4 
olH44^1 *1* 4^1 4*4^ 4^7i7> 471 sflci44 1444 ^l|7-|Ejs.* 4-^-S-^l °i^4^ p ^ ^^^s. 

01^4^ aj-7] >a-«-^## 4°H ^^3^ 471 44^444 ^^43^ 4^^44; ^ 47l 

44^44^1 ^4^4^ 4°fl ^ A J3^ 47l 44^444 ^.^^4s|* n^ i^^4 ^44; * £44 

* 3* 43 as 44. 

°1*MM, 4 4^3 4434 ^*H» ^44 £^»* 4^4°! 44*1 4*144. £4°ll Sl^^ t s. 14 ^<gft 
4^«1^ *°J 7l^* ^=^14^ 4^3 44^^ 443?1 ^^4 ^444. 
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4313 4*Hfe 4 413 i^** 33143 %n 31 «<>h T§- ^-oHAi *4<q 7W 444 ^ 4 

7143 44 3^14 4^«i*g*4 4 $i4. 444,4 4^3 €31134 oia|tb€AHH 44333^r 32 

2 2^ 4 4*33 44 Cl H 4^ 14*42*fl 44^4* 4^43 ^4 44234. 
4^4^4(15)2iiL^ 34. 4 4, 31-, 344, 34 444, S.f-, 334, g 443425L 3434 

434 «m-5L ol^.6l^7li4 SEfe OH- 50 S «e1 ^7fl 343 2 fo S o^o^ ^ £4. cfl^BJl, qi* 0 

.5nm - lOOnm ^3. *443-, ^g* 0.5nm - lOOOnm *f4|3. 444 4i 300°C - 1000'CS. li, 4^ SEfe 1 
i<4 A>4i £4 7>i 433°)14 1^ - 601: 44 13343 44444(14)4 23 ^#3 SJi^ c)4 
44347im 34* 0.5nm - lOnm^TllS. *44^, 4* 0.5nm - lOnm ¥4|5. 444 4°)1 400E - 700^3 1 
i 5E£r 1414 44i 44 7>i 433°)14 1^ - 5£. ^.dj. oj^e| w 

SLJ:4(18)* 1443^, 44434 44344, 444434 *3 44 47fl 343 5f*S 3431 4 
514. 4 M.S.4^1 T^fe O.lnm - 10000nm7l- 7>443, 44347)1^ lOnm - lOOOnm 4*)l7> 4444. 
44444(24)4 4^ 44* 34 1 £31 *#1*|3 43 £ U43 »s ^§444. 4 433 *14<>11 «D44^ 
44444(24)3 *ll2i44* 44*1 4344 444 44. 

44, t± 44*fl(Nitrogen Precursor)3.4 42344 4*11 4 32 44 (Hydrazine) 7fl #44 4444- 4324 
4^1 -§-€3 14i34 I4i3 A>ol£l 14i33Tr 33.4KcalS.Ai, 42.343 1^34 4^3 A>o^ 140)41*1 
93.3KcaliL4 14 4* 14333* 7}*! jl $i4. 444 500"C 343 44 42^32 sHce)-;*! 
4 144 ^Tll 71HA17I1 zl 44 nh 2 717} 343t« 44. 

43 "II 143 244 (DM- hydrazine)* 1<4|3. *34 4344 434 44. 

40HISH2443 143)33 344 NH 2 7m "14 4443- 4443 444 7}*4 43 4^3 H714 1 
443 142iiL 444 4234(NH 3 ) 33s ^443:a 44. 444, 4234°114 H7> 133 44.4 3 Ffe 
NH 2 ^ c 144 144^ nh 3 si ^<>14. 

(CH 3 ) 2 N - NH 2 > (CH 3 ) 2 N + NH 2 

14«11 

NH 2 > NH 3 

4^71 44 

5L4, 4 c, lH44sl ^ns. 14^^-S ^AJ4 (CH 3 ) 2 N?m 24 14*84 71*144 N714 CH 3 71* ^^4 
711 5\S=4 °H CH 3 7l£ 1^ °.s. 444^ 4^^i 4^4 144^ CH 4 » 4^3- 44. 444, 42-M4 
i4 H7> 1<H^ 01 H ^ ch 3 5M44 144^ CH 4 si ^<>14. 

(CH 3 ) 2 N > 2(CH 3 ) + N > 2CH 4 + N 

14^1 4^71 44 

444, 42-^44 4^1 4°ls.444 AlGalnN:Mg 44^1 4i 4^3. 4444, 42-^4°!] ^«D4 7^14 4 
44(Gas Phase LayerH *7fl4^ T^7l7> 4 6 lS-44^ NH 2 ^ CH 3 afl^ti ^«114 i4^^-S. ^7l5)7ll 
sli, zi 44 42^4* 444S4 <fl 444fe Mg-H 44^1^1 ^44 4^4 4t14 4 9X 

4. 2^- 4°lS44 ±±1= NH 2 7l» 4S.A1 S44SS. 447lifl£l 7l^l4(Gas Phase)"fl4 44i7l XlTl °444 
4 4 SlTll sm ^^14. ''If 7)1 42^4^4 Xl4s|fe 4£7l» 4^1^444 4«B4 4 ^14^ 4eil4 
4^1 Mg-H 444 *H7l ^4 12^1 441^^ 4 4^7> gjlTfl 44. 
o]^& o}^ afli4 e7ls 4^ GaN4 ^44^ 4^14°J 44i» 4^44 444 44. 

4c.ls.44 4 ,:, l ,i ill4 <:> lS-44(Dimethylhydrazine;DMHy)4, 44 iiS Se|D)1444(Trimethylgalliu 

m;TMGa)4, Mg ±+3- C P 2 Mg4 4444. 44^1^ 4°lH444 42^4* 444^ 444^^1, °1 
i 444 4244^ 4i4^-S.4 7)1 ±4^1 42^4* 4°1=.444 444°^ 444^ ^47> 4°l2444 
4 °144£4 ^4 ^-4 GaN 443 ^44^7} 711444. °H i4 0 14 44 7l#s) 444°J 42^4 4443 
4 ol43 42^4* 444^ ^4 S44^ ^ °1 4. 4, 471^^ ^014 ^ ^sfloi 

3^ 42^43 4i «1«(I4 4i4 0 14^ 444H4 443 4^443 443 4^H14 3"1» A 
4fe ^°1 444. 

p^ GaN443 44 4 443^- 4 c, lS-413 4 0 ls.444 443 4444(Molar Flow Rate) 4°1^ 

44/44°l 1-1000 4 44344 3 4 4434/im 1-500 4 ?H 44. °1 «11 443^ 42343 44 
4234/44 4401 10000 34, 34 44347lfe 5000 344 33 44. 

4ol£444 3443 P*l AlGalnN 44^4 4 7ll337>^(Carrier Gas)5.4 14N 2 )4 4^ 4^(H 2 )» 4 
444. 4^33 ^43X1« 3«i)4 ^i7l# 4^ 444^ 33 44344, 44i» 4443 444 34 ^-4 

44 442(Hole Concentration)* £4 4 &4. 3^ 4^7} GaN3 44 4 £^^Ef 44^ 344 43 

«ll^34. 4434 71)33 1^?1I33 7>^i 0% 34 100% 34a 444^ 33 44343, 

3 44347im 0% 34 80% 3 4s £444 33 44344. 
[41H1 

42341- 4443 P -GaN44 *§44fe 4a|3 34^ Mg-H 14^3. ?!43 4^4 4* 444 33 

4 44(Hall measurement^ *7>442S. Jl4°H4 44133* 43 4^3* X1343 P^ °-3- 444 4 
4°11 t 444 444^4. 44, 43^41* 3443 p^ GaN#4 344fc 4 4^3 34^ 334 4413 
32 4443 43 1 444 444S4. 4 4^3 34 2 ~ 13 x 10 w [/ cm 3 ]3 4424, 10 - 50 [cm 2 / 
Vs]3 4 3*241016 mobility)* 4^-25.3 133 ^4^32 P ^3 €4fe 33 °j*3Si4. p^ 44^4(con 



- 3 - 



f-s.^ 10-0432246 



tact metaD3 1-5.<>1 (Alloy) 1*1 14 4141 t- 414 l^ 0 ! (Alloy) 1*1 Hi 3- 14 pi <L3.$ 1 

4i tfl* fcjg <^xlf A>^ofl ^^fl 4. 

5&4, 4*144 «1:3L414 14 ^Hh^* <>l-8-*H pi GaN44 144 ^4!*ll# 41 &4 4 41 
$ 1^-7} 4S>]4» °14«M pi GaN44 144 4°H 441*1 5?» tffe 44iL4 2-3ufl 44 414(S 

heet Resistance)^* ^^1584. °1 41 14fe 4<:>1^414 °144 ^-f t^aMS. p *g AlGaInN:Mg 

1444^ I s ! 4-8-4 441 5-1 ^-s.7> 44. 
S 1* 4* °14*M pi GaN44 144 4°11 al4 1*1 3 (Activation Annealing)* 431 411444 1 

44 4^1 LED4, 4°1^414 °14*W Pi GaN44 144 4°)1 441*1514 4*1 #3. ^1^444 144 
£ ^ofl 4s. ledsI #14 J|44 io]4. 



[a n 





NH3* 4-8-* P-GaN 
(*44!*l5l4 411414) 


4<>] i=414 444 p-GaN 

(mmm sw ¥ii4ii) 


4414 

(20mA°)ll) 


3.15V 


3.15V 


<3 444414 
(-10M°H1) 


20V 


26.7V 


443 
(20mA°)H) 


12mW 


13.5mW : 



4 413 14 44 ll^l 20mAil 3.15V3. 4J: 41.4. 4*33 ^-f ^sfls] ;f -f 12mW(*MI 44 1§) 1 

m i*fii a. ^ o. 13 . 5mWS . i 0% 6\$ «■ t sath °i 14^41 1^2] ^li ^4 4^ 4* 
^14 ^JttAs«] 4441 f-ii 7ii^t ^ #44 4 4 5*4. <34i 14 1451 7i#^ 2ov*h 26vs 

4£|5a44 4 4 5a4. 

£ 34 * 41i 4^ LEDi m 14-14 44441 4 £ 34 4^44, 44!*|Hm 1*11 &14:& 4£ 
*4| a^oi ^tfls. 444:a £44 4 4 584. 

411 £.4 

444 44 1 0 1 4 41*11 144, 4£ 444 14 1^ 441*121 43 6 1 l-S-SUl nji«H| 41<>1 444^., 
441*1 1*B 44401 1443ir It 414 4 5U4. 

(57) 141 flfl 

1. 

4^7m 4i 1^51^ nl I444i^|s ol-f^m 44^44; 
4-71 44^44 £4^1 i^l^cH ^44 1444£^ls. oi^^ife 

471 4^4 4i 1^^°!, €i44^1^i tfs4|4 S 14^ A H 4^714 4 ^^44 ^3^4^ 4 
olE.447fl 414 4^11 444°1 4^7l7> #7] nt\%% 1^4^ 4-^-^1 <2.°]x]$= pi 1444^ 

cl +q ^1^44^ #4; 
471 44144 4i l^sl 1 ^ 471 441444 ^^^45)^ 41144; g 

4-7I 44144^1 ii4S4sl ±4°§q 4i 145!^ 471 441444 £*}1434 nl iL«ll# ^-44; 4 
5L44^ ^4 44 as 44 1444^1 44^4. 
2. 

^114°11 §1^1^,471 443444 471 41144 4<>H i^-ssi n ^ ^^^^1^014 o] ^1^1 
Sl44(superlattice layerH 4^=1^ 14 44-5-S. 4^r !444£*)1 44^7}. 
3. 

^14<H1 SHI, 41144^1 ^4, 4, 4, 3.4, ^144, «I4, 444, ^4, ^ 44^14AS 6 14°11 ^ 
as^-e) >a«!4 44s oi^xi 714 4^€ 4711 «>14^ at^-s oi^xi^ 4^ 14 

#«>£^1 44^7>. 

^(llli 471 1171^61 Aj^oio), siC, GaN, afe AlNS 6 14°11^ 14 44AS 4^ 1444^ 4 

4^7>. 

fl^fl- 5. 
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^T 1 "* 6. 
3^ 7. 

sa*H. -8-71 ^#^-°)| -8-71 n^7\ M^a, -*7l 7fl^f <f| -8-71 

8. 

E^ 




5.^2 

18 15 
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l-V curve 

6.0E-02- 

5.0E-02- 

_ 4.0E-02- 
& 

| 3.0E-02- 
o 

2.0E-02- 
1.0E-02- 
0.0E+00- 

0.0 1.0 2.0 3.0 4.0 

Voltage(V) 




